We report the results of measurements of the disturbance velocity field
In the next sectionwe considerthe boundary conditions for oscillating and stationary bumps. Section 3 is a description of the experimental conditions and results are presented in section 4. Finally, the summary is presented in Section 5.
Boundary Conditions For Oscillating And Stationary
Bumps.
Let it be the velocity of the fluid and _ be the velocity of the boundary. The amplitude of the bump is e (assumed to be small) and its shape is h (x,z) and has compact support.
The boundary is the surface, S, given by
where h (x ,z ) has been normalized such that its maximum is one.
is that, on S,
The boundary condition 
with rl = Y / 2"42"x"and u o -= F'(11). This yields at O(1),
As expectedthe O (1) terms are unchanged by the presence of a bump. For succeeding orders we set = (un(x,lq,z),vn(x,rl,z) ,wn(x,rl,z)) e-in _t n = 1,2 .... (8) so that at O (e),
From these boundary conditions one sees that at the boundary the lowest order disturbance velocity field is 180°out of phase with the motion of the bump and is confined to the region of the bump. 
Experimental
Conditions.
The experiments were carried out in a low turbulence wind tunnel in the Department of Engineering, University of Cambridge. The tunnel has a working section which is 3.50 meters long and has a 0.91 meter by 0.91 meter cross section. The speed range of the tunnel is 0 to 50 meters/second, but all of the experiments reported here were carried out at a speed of 18.10 meters/second. The measured free-stream turbulence level in the tunnel at this speed in a frequency range 4Hz to 10Khz is 0.01%.
The plate was mounted vertically in the center of the tunnel. The plate was made from 3/8 inch thick aluminium alloy of a free machining quality in order to avoid distortion. The leading edge was machined on the plate to form a super ellipse of degree 3 with a ratio of major-to-minor axis of 12. A flap with a small tab at the trailing edge of the plate was provided to control the pressure gradient on the plate.
The bump was constructed from a circular Silicon rubber diaphragm 20 mm in diameter mounted in a disk insert of 200 mm diameter. The disk insert was flush mounted in the plate on the center line with the diaphragm 400 mm from the leading edge of the plate.
In Figure  1 the circle labeled S shows the location of the bump; but note that this sketch is not to scale. The motion of the diaphragm was controlled by an electro-mechanicalvibrator through a coupling rod on the reverseside of the plate. The vibrator was mountedon the side wall of the tunnel.It wasvery difficult to measurethe amplitude of the driver motion; we estimate that it was 0.12 mm + 50%. were therefore expected to be in the far field of the oscillating bump.
The intensity distributions at the two locations are very nearly the same.
The peak intensity was about 0.2% and occurred about rl = 1.8. Note that the intensity at A was slightly larger than that at B
while the phase at both locations was essentially constant across the boundary layer. The disturbance field at the bump had a phase of -x relative to the driver. Downstream of the bump, the phase was slightly larger than -x, with the phase at A being slightly larger than at B. The difference in phases seen in this figure, while small, was larger than any experimental error. The shape of the intensity and phase distributions are very different from those of Tollmien-Schlichting waves.
The effect of changing the amplitude of the driver motion on the disturbance field is shown in Figure 4 . Three runs were made with different drive amplitudes and the intensity and phase profiles were measured at location B. The curves labeled B are the same results as those of Figure 3 with the standard driver amplitude of 0.12 mm + 50%. For case C the driver amplitude was increased by _/2 and for case D by 2 with respect to the standard driver amplitude. The intensity distribution for B, C divided by q2 and D divided by 2 are plotted in Figure 4 . The phases are also plotted. It is clear that the intensity and phase curves are the same within the experimental run to run variation. Thus the flow disturbance in the far field of the oscillating bump was sufficiently small for the flow to be treated as a linear perturbation. This was also true of the first harmonic (4 Hz) disturbance field as shown in Figure 5 . As stated above, even though the fluid velocity field is a linear function of the driver amplitude, the finite amplitude of the driver motion produces all harmonics.
The first harmonic disturbance field, with the magnitude scaled by 1, 2 and 4 for driver amplitudes of 1, 4"2, and 2 respectively, has the same shape as the fundamental.
Note that the intensity is much smaller in magnitude compared to the fundamental and that there is also more scatter than in the fundamental. We also measured the intensity and phase distributions of the second harmonic. These also have the same shapes but exhibited even more scatter.
A seriesof profiles through the boundarylayer were measuredalong the line d-d shownin Figure 1 . The purposeof thesemeasurements was to examinethe flow field in a region close to the bump, including the region upstreamof the bump. Figure 6 shows intensityprofiles in the boundarylayer at intervals5 mm alongthe line labeledd-d of Figure 1 . The measurements weretaken at y spacingstwice thoseof the measurements shown in Figures 3 to 5 and so somedetail is lost, particularly closeto the plate. However, the generalshapeof the profiles was determined.First it shouldbe notedthat the diaphragm extendedfrom x = 390 mm to x --410 mm although the bump occupied only half of these in the region x = 395 mm to 405 ram. It can be seen that in this region there is a very large disturbance flow field extending well over half the boundary layer thickness. The results of a series of spanwise profiles at streamwise locations from x = 400 mm to x = 900 mm at x intervals of 25 mm are shown in Figures 7 and 8 . These measurements spanned the region z = -25 mm to z = 25 mm in intervals of 1.0 mm. The region covered by these measurements is contained within the rectangle shown in Figure  1 . A more detailed set of spanwise profiles are shown in Figures  9 and 10 . These profiles were measured at three streamwise locations, x = 500 ram, 600 mm and 700 ram. These measurements spanned the region z = -40 mm to z = 40 mm in intervals of 0.5 mm and all were madeat y = 8*. These measurements were made along the lines labeled aa, b -b and c -c of Figure  1 . Figure  9 shows the in phase component of the velocity while Figure  10 shows the out of phase component. These more detailed results confirm those shown in Figures 7 and 8 . There is a major difference between the in phase profiles at x = 500 mm as compared to the in phase profile in the vicinity of the bump. The unimodal, roughly Gaussian, profile at x = 400 mm has become, at x --500 ram, a double peaked profile which is nearly symmetric about the centerline of the plate. This shape persists at both x = 600 mm and x = 700 mm with some minor modifications.
The out of phase component is almost zero at x = 500 mm but grows slowly between x = 500 mm and x --700 mm. At x = 700 mm the profile shape of the out of phase component is very similar to that of the in phase component. We do not believe that this tilt had any major effect on the results of this experiment.
The spectrum of the disturbance velocity as a function of the cross stream mode number is shown in Figure  11 at the three x locations, x = 500, 600 and 700 mm, at which detailed spanwise profiles were measured. In this figure the symbols indicate the values obtained from the spectrum analysis and the continuous curve is a smooth interpolation obtained by calculating the spectrum at fractional wave numbers.
The scale is such that the spanwise wavelength corresponding to a spanwise mode k is 80/k mm. At x = 500 mm there is a large peak very close to k = 6, corresponding to a wavelength of 13.3 mm. The driver is 20 mm in diameter and is held rigidly at the edges so we infer that this component is the result of the driver motion. At x = 500 mm there is also a peak in the spectrum at k = 0 and another small peak at about k = 2 (wavelength about 40.0 ram). At x = 600 mm the peak at k = 0 has nearly vanished but that near k = 2 has grown to be almost as large as the peak at the primary, k = 6. By x = 700 mm the peak near k = 2 has become the dominant component in the spectrum. This effect is just barely visible in the data shown in Figures 9 and 10 : there is a slight uniform increase in the measured values in the region z = + 20 mm at x = 700 mm as compared to x = 500 mm. The peak at k = 6 decreases about 3% per 100 mm, but the peak near k = 2 has increased by a factor of 8 between x = 500 mm and x = 700 mm. We attempted to examine the structure of the spanwise spectrum at other locations by calculating the spectrum of the data shown in Figures  7 and 8 . However, the coarser spatial resolution (1 mm spacing versus 0.5 mm spacing) and the smaller range (+ 25 mm versus + 40 ram), resulted in such poor spectral resolution that downstream evolution of the components could not be observed.
The fact that the secondary peak appears very close to a mode number k = 2 (the peak of the smooth interpolation is at k = 2.25, a wavelength of 35.6 mm) while the primary peak appears at k = 6, suggests that the secondary peak is not a subharmonic of the primary.
We do not know what mechanism is responsible for the appearance of the long wave length spectral peak.
Summary and Conclusions.
We In addition, a small secondary peak in the spectrum was apparent near the bump. This peak increased by a factor of 8 between x = 500 mm and x = 700 mm. The data show that the secondary peak is not at a wavenumber equal to one half that of the primary peak and so is not a subharmonic of the primary. We do not know what mechanism is causing the generation of the secondary peak.
At the time of these experiments we had some results from two-dimensional theories, 
